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Editorial on the Research Topic
Vascular co-option and beyond for cancer biology

Since this Research Topic was launched, the third paper on the Hallmarks of Cancer
has been published (1). In the first version, published in the year 2000, the authors wrote
that “those researching the cancer problem will be practicing a dramatically different type
of science than we have experienced over the past 25 years. Surely much of this change will
be apparent at the technical level. But ultimately, the more fundamental change will be
conceptual” (2), and this is reflected in the successive revised versions (1, 3). Among the
conceptual changes that actually occurred, the paradigm switch summarized by the
substitution of “inducing angiogenesis” with “inducing or accessing vasculature” is
possibly the major one.

The original “Sustained angiogenesis” hallmark reflected the hypothesis that a tumor
could grow beyond a few millimeters in diameter only if new vessels were formed to
support it (4). This concept had a profound impact on the clinical research in oncology
during the 1990s and the first decade of the 2000s as anti-angiogenic drugs were seen as not
only a “universal” approach to cancer treatment (5) but also as a tumor therapy free from
the drug resistance mechanisms (6). Furthermore, it was suggested that the number of
micro-vessels in a neoplastic lesion was going to be one of the most important prognostic
factors across different types of tumors (7) while, once again, things were not so
straightforward (8).

The realization that tumors can actually grow also in absence of neo-angiogenesis, i.e.,
by co-opting previously existing normal vessels, has unveiled new unexpected aspects of
cancer biology (9, 10). This is reflected by the two reviews and the hypothesis papers
present in our Research Topic that examine the state of knowledge on vascular co-option in
both tumor growth and tumor spreading (Cuypers et al., Ribatti et al., Lugassy et al.).

The existence of non-angiogenic tumors leads to the prediction that such a tumor
would not be sensitive to current anti-angiogenic treatment (11) for self-explicative
reasons. Subsequently, more causes of resistance to anti-angiogenic therapies have been
discovered (12). To add insult to injury, it started to emerge that, actually, far from treating
any type of cancers, anti-angiogenic therapy could, in some experimental models, actually
increase tumor growth (13-16) with some safety issues raised for some groups of patients
(17, 18).
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One issue linked to these findings, and initially overlooked, is
the actual effects of VEFG on the neoplastic cells, rather than on the
vascular endothelium (19). This is the issue explored in this
Research Topic by Liu et al., which further confirms that blocking
VEGF can actually increase the growth capacity of a cancer cell and
propose a possible mechanism. Bajbouj et al. describe how low
levels of Vitamin D can cause, in some breast cancer cell lines, a
similar aggressive non-angiogenic phenotype. In both papers,
alterations in cell motility, adhesion, and cell proliferation are
reported to occur with the involvement of some common
pathway, e.g., TGF-beta and VEGF. These are findings very
similar to that observed when looking at differences between
angiogenic and non-angiogenic tumors, growing by vascular co-
option (9). Eventually, both papers highlight the need for a better
understanding of the VEGF and other angiogenic pathways and
that caution is needed in therapeutic approaches as our knowledge
of the underlying biology is still incomplete.

Given the failure of antiangiogenic treatments as single agents
to uphold the expectations generated during the 1990s, it is only
natural that the possibility of optimizing their use, mostly in
combination therapy, has been increasingly explored. One of the
most promising approaches is the combination with check point
inhibitors aimed to preserve T-cell immunity function (20). Paulsen
et al. report that a higher number of infiltrating CD8 positive T
lymphocytes is associated with better outcome in squamous cell
carcinoma. This result and the observation that the absolute
number of CD8 positive T lymphocytes is particularly high in the
diftuse subgroup of angiogenic tumors further support the rationale
for associating anti-angiogenic and immune therapy.

However, not only the lymphocytes are involved, as a higher
number of neutrophils in non-angiogenic, rather than angiogenic,
colorectal metastases in the liver have been reported (21), and Rada
et al. are looking into the molecular basis of this event. Their
findings indicate that higher levels of RUNXI in non-angiogenic
metastatic cells activate the TGFbetal pathway, causing higher
levels of Angl in the nearby normal hepatocytes, eventually
leading to the migration of neutrophils in the metastatic lesions.
RUNX1 is involved in many pathways including induction of
angiogenesis (22); however, it would not be the first case of a
protein involved in angiogenesis being involved in non-angiogenic
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malignancy as well (9). The main thing of course is to address the
issue of these neutrophils, which could lead to possible new
therapeutic tools in treating these other way very aggressive
neoplastic lesions (21).

The aggressive nature of non-angiogenic malignancies is further
examined by Paulsen et al. The authors confirm that full non-
angiogenic lung adenocarcinoma has the worst outcome, but they
also demonstrate that a non-angiogenic component in a
predominantly angiogenic adenocarcinoma could also predict a
Worse prognosis.

It is therefore not by chance that most of the original papers in
our Research Topic are about learning to exploit the interaction
between cancer cells and vessels as possible new targets for
treatment. As the second volume of this Research Topic is about
to be launched, we very much look forward to new contributions on
this complex issue.
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